CONTENTS

Page

AB ST RA CT .t 1
CINTRODUCTION . . e e e e e e e e e e s 1
. EXPRESSIONS FOR RADIATION IN FREE SPACEOVERGROUND ............... 3
2.1, Sommerfeld Formulation . .. ... 4
2.1.1. Vertical ElectricDipole (VED) .. ... 5

2.1.2. Horizontal ElectricDipole (HED) ........ ... .. 6

2.2. Geometric Optics and Norton Surface-Wave Approximation .. ................ 7
2.2.1. Vertical ElectricDipole (VED) .. ...t 8

2.2.2. Horizontal ElectricDipole (HED) ......... ..., 8

2.2.3. Fresnel Reflection Coefficients. . ............c ... 9

. NUMERICAL INTEGRATION TECHNIQUES . ... .. .. e 10
3.1. Romberg Quadrature . .. ...t e 10

3.2. Weighted-AveragesMethod .. ...... ... i 11

3.3. Numerical Evaluation of 2Q/k? U, V,andW . ..., 12

. FREQUENCY-DOMAIN RESULTS . . .. e 16
4.1. Conductivity Variation to Demonstrate Two-Ray Behavior .................. 16

4.2. Position Variation to Isolate Near-Surface and Near-Field Effects .. ........... 17
421 SurfaceWave . ... .o 21

4.2.2. Pseudo-Lateral Wave . ... 21

4.2.3. Near-Field EffectsontheDirectRay ............. ... ..., 23

4.3. Contour Plotsto Observe Two-Ray Behavior ............. ... ... .. ...... 23

. TIME-DOMAIN ANALY SIS . ..o e e e 24
5.1. Windowing Techniquesto OptimizePulseShape .. ........................ 25

5.2. Practical Bandwidth Limitations . ............... i 26

. TIME-DOMAIN RESULTS .. .o e e 27
6.1. Impulse Responses for Wideband Signals Centeredat 900 MHz .............. 27

6.2. Impulse Responses for Wideband Signals Centered at 2.4 GHzand 5.8 GHz .... 31

6.3. Delay Spread Versus Bandwidth and Carrier Frequency .. ................... 32
 CONCLUSION . . e e e e e e e 32
. ACKNOWLEDGMENTS .. e e e 40
CREFERENCES . ..o e 41

iil



APPENDIX A: FIELD STRENGTH VERSUS FREQUENCY AND SEPARATION ....... 47
APPENDIX B: IMPULSE RESPONSES FOR SIGNALSCENTERED AT 24GHz ....... 53
APPENDIX C: IMPULSE RESPONSES FOR SIGNALS CENTERED AT5.8GHz ....... 57

APPENDIX D: DELAY SPREAD VERSUSBANDWIDTH .......... ... . it 61

v



